DURING the loss or gain of edema the composition of the extracellular fluid remains remarkably constant despite the large ehanges in volume. A number of studies have indicated that the renal excretion of body water and electrolytes does not completely aceount for this constancy. In studies of edema loss, electrolytes and water were not lost in the same proportions that exist in extraeellular fluid or in a combination of extracellular and intracellular fluids.1-6 Sodium depletion and subsequent sodium replacement, in both edematous and nonedematous patients, produced changes in body sodium without proportional changes in the extracellular water.4 7-10 Sodium was retained by pre-edematous patients before edema appeared, and by post-edematous patients after the edema was lost.1"-'3 These studies do not necessarily contradict the idea that edema is excess extracellular fluid but indicate that, during the loss or gain of edema, sodium and water are not excreted or retained in the same proportion as they exist in extracellular fluid.
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Few balance studies were found in which all the edema of congestive heart failure was lost without the use of diuretics. The present report is of 15 edematous male patients studied on a metabolic ward who lost all of their edema on a regimen of bed rest and a fixed, low-sodium diet. The net urinary balance of sodium, potassium, and chloride has been related to weight change, which was used as the measure of change of body water. In all of the studies presented here, the loss of sodium per kilogram of weight loss was less than the concentration of sodium in extracellular fluid. There were two patterns of edema loss; in one the sodium loss was approximately 100 mEq./Kg. of weight lost, and in the other sodium loss was less than 50 mEq./Kg. There is an indication that the difference in pattern was related to the underlying disease. These studies indicate that edema loss is not solely the result of renal excretion of the excess sodium, but that there is also an internal redistribution of sodium. In some instances this redistribution appeared to be the major mechanism accompanying edema loss.
Materials and Methods
Patients with edema were admitted directly to the metabolic ward where they were weighed and the urinary collection was started. At 8:00 a.m. of each day during the study, the patient emptied his bladder, completing the day's -urinary collection; and was then weighed on a kilogram scale sensitive to changesof 10 Gm. Urinary volume, sodium, potassium, and chloride were measured daily. Analyses of serum sodium, potassium, chloride, and carbon dioxide-combining power were done approximately three times a week. Stool analyses were not done, but the stools were inspected. None of these patients had diarrhea or bulky stools during the study.
The diet consisted of approximately 2 liters of a prepared liquid formula containing 1,950 calories; 329 Gm. of carbohydrate, 63 Gm. of protein, and 42 Gm. of fat (calculated from tables of composition). A kilogram of formula was made up of 240 Gm. of low-sodium milk, 25 Gm. of "Casec," 150 Gm. of dextrose, 60 Gm. of 11.5 per cent cream, and 525 Gm. of water. Thirty quarts, enough for about 15 days of study, were prepared at one time and put into 1-quart waxed cardboard containers and frozen. Each thirtyquart batch was analyzed for sodium, potassium, and chloride, and since there was little variation from batch to batch, the average values of 8 mEq. of sodium, 12 mEq. of potassium, and 12 mEq. of chloride per liter, were used. Distilled water for drinking was allowed as desired.
Patients were kept at bed rest or restricted activity during the study, and each patient was studied until it appeared that the weight was stable and there was no evidence of edema. Therapy consisted of bed rest and low-sodium diet for three patients; in addition the patient Circulation. Volume XXV, March 1962 From the Metabolie Research Unit, Medical Service, Veterans Administration Hospital, Brooklyn, New York. 513 with beriberi heart disease was given thiaiimine after the fifth day; one patient with cor pulmonale liad two phlebotomies; and the patient with Hodgkin s disease received nitrogen mustard, which eliminated the inguinal lymphadenopathy that had produced unilateral leg edema. The other nine patients received digitalis and one of these (De) also received apresoline, hvdralazine, and hexaimethonium without any decrease in his hypertension. Balance of electrolytes was taken as the difference between the urinary excretion and the amuount taken in the diet. Insensible water lcss was calculated as the fluid intake minus the uriiiary volunie, minus the weight change.
Sodium anid potassiuni were analyzed with an internally compensated flame spectrophotometer; the food aliquot was treated in the inethod de- Na/Kg. In the second (group there was a range of values froin a gain of 11 imiEq. Na Kg. to a loss of 48 mEq./Kg. Losses of chloride per kilogram of weight loss were mnore variable than sodium, which is reflected by the wide range in the ratio of sodium to chloride losses. In general, the loss of Cl fKog. was greater in group I thani in group II. There was a total loss of bodv potassiuin in all but four of the studies. These losses were small, 37 to 169 mEq., except for the patienit with Cushing's synidrome who lost 444 mnEq. in 11 days. The gain of potassium in four studies was also small, ranging from 20 to 164 mEq.
The loss or gaini of K/Kg. varied a great deal. Average extrarenal water loss ranged from:l 1,090 to 1,870 ml./dav, with one value of 2,430 ml./day in a patient with advanced pulmlonarv disease. There were occasional fluctuations in the extrarenal water loss per day by sonie individuals, and in some instances this could be related to a change in acid-base ba]ance, as reflected by changes in serurm carbon dioxide-combining power. Table 2 contains the average serumii electrolyte concentrations, and the first and final concentrations for sodium anid osmolality. The average values fall within the normal ranges except for the expected changes associated with the underlying disease. For example, the patient with Cushing's syndrome (Mn) had a hypokalemic alkalosis; the patients with cor pulmonale in group II had elevated concentrations of carbon dioxidecombining power. There do not appear to be anyother differenees of average serum eleetrolyte or osimolal concentratfions between the sgroups. There was no consistent change in serum1 sodium or osiuolal concentration between the first value and tihe value obtained after all the edema was lost; the changes that occurred were small.
The daily losses of weight and electrolytes are depicted in figures 1 to 5. The scale has beeni arranged so that 100 mEq. of electrolyte is equivalent to 1 Kg. of weight, and the net loss of each day is added to the cumulative balaniee of the preceding days. The parallel eourse of the sodium and weight curves in these figures indicates a consistent relationship of these losses at a rate of 100 mEq./Kg. The chloride curves nainitainied a consistent irelationship to the weight curves, except in one ease, and to the sodium curves except in the inistances discussed later. In figure 1 the sodiumii and weight curves are parallel from the third day to the end of the study. In figure  2 they are almost identical, whereas the chloride loss was very small and not related to the other losses. In the stuidy shown in figure  3 , all three of the curves are essentially the same for the first 9 days, then the rate of sodium loss exceeded the rates of weight and Bre 4 to 10 determinations for each mean, except for chloride losses. The relationship of losses in figure 4 were consistent for the first 5 days, and sodium diverged from the weight and chloride curves when supplemental potassium chloride was given. All of the patients in group I lost approximately 100 mEq. Na/Kg. for most of their weight loss. A study of a patient in group II is presented in figure 5 .
The over-all ratio of losses was 47 mEq. Na/ Kg. and the curves show that this ratio was consistent after the first 3 days. Despite the variations in the ratio of sodium to weight losses among the studies in group II, there was little variation within an individual study in either group.
In an attempt to determine whether the balances during accumulation of edema were the same as during loss of edema, sodium solutions were given intravenously to three patients who had lost all or most of their edema. One patient with a history of repeated episodes of congestive failure secondary to arteriosclerotic heart disease, received 298 mEq. of sodium chloride as isotonic saline in a 2hour period. He retained all of it, gained 2.11 Kg. of weight, and after 5 days there was no .21 Kg. less than before the saline administration. Another patient with nutritional heart disease, who had lost 95 mEq. Na/Kg. and 7 Kg. of weight, received 298 mEq. of sodium chloride as isotonic saline within 2 hours. He retained 171 mEq. of sodium 1 day later, with a weight gain of .68 Kg. Five days later he still retained 135 mEq. of sodium and his weight was .20 Kg. less than before the saline had been given. Discussion The composition of the fluid lost during the disappearance of edema was studied in a series of patients who lost all of their edema oni a regimen of rest, low-sodium diet, and, in some instances, digitalis. The fluid lost was hypotonic to body fluids in respect to the fixed cations, i.e., sodium and potassium. This is similar to the findings in previous studies of Circulation, Volume After the third day the sodium and weight curves were essentially parallel; the ratio of losses was 100 mEq. of sodium per kilogram. The sodium and chloride losses maintained a consistent relationship throughout the study. edema loss ;1-6 only one study showed that the fluid lost had the composition of extracellular fluid. 18 In these reports, the fluid lost was described in terms of extracellular and intracellular fluid losses, and shifts of ions from one compartment to the other. By this interpretation, the proportion lost from each compartment varied from patient to patient, and there was water loss that could not be ascribed to either compartment. In the present study, by using the loss of sodium per kilogram of weight loss, two patterns occurred and within each pattern the findings were quite consistent. Table 1 shows the two groups of patients, separated on the basis of sodium loss per kilogram of weight lost. The 10 patients in the first group lost approximately 100 mEq. Na/ Kg., and the five patients in the second group lost less than 50 mEq. Na/Kg. In group I the edema was secondary to venous stasis or hypertensive arteriosclerotic, or beriberi heart disease. The results of the three patients in this group whose edema was due to venous stasis were essentially the same as the results from the patients whose edema was due to Circulation, Volume cardiac disease. The interpretations, based on the findings in this group, would be the same, whether or not these three patients are ineluded in the group. In group II, the edema was secondary to cor pulmonale, or a combination of liver cirrhosis and heart disease in four of the five cases. The difference in the ratio of sodium to water losses in the two groups may be due to liver damage, which is more likely to occur with cor pulmonale, and is similar to the report of Farber and Sober-man12 that patients with edema of liver cirrhosis had a lower sodium to water ratio than patients with edema of heart failure. Only four studies of edema loss were found in which no diuretics other than digitalis were used. The data of these 11 patients have been recalculated on the basis of sodium and chloride losses per kilogram of weight loss and are presented in table 3 . The results are quite similar to those in group I.
In this study the weight loss was relatively large over a short period of time, and the diet was adequate to maintain caloric and protein 38AXELROD mEq./Kg., anid this is probably true of the oine balainces. Under these eoinditions weight ehange cain be used as a measure of water balaniee. Skiii and fecal losses of electrolytes are small when there is no sweating or diarrhea. In studies of edemna loss, fecal excretion of sodium was almost always less than 2 mEq./day, chloride exeretioni was even smaller, and potassium exeretioni was more variable, but usually less than 10 mnEq./ day.7 9 "9 Skin losses of sodium, potassium, and chloride ranged from 3 to 6 mEq./day in a study done under controlled conditions.20 In this study the stools were inspected and there were no instances of diarrhea or bulky stools. At times patients were noted to have visible sweating, but this was infrequent anid sporadic. The sodium or chloride loss per kilogram of weight loss would not change much if calculations for fecal and skin losses were included. Since the ratios of sodium to weight and of sodium to chloride losses remained essentially constant during the course of an individual study, it appears that variations in fecal and skin losses were small and did not affect the over-all results. The consistency of the relationships of sodiunm, chloride, and weight losses in the individual studies is emphasized because this supports the over-all results of each study.
Average daily values for extrarenal water loss are given in table 1 . This includes respiratory, skin, and fecal water, but does not include metabolic water of oxidation. The values are a little larger than reported by Jaenike et al.18 found no difference in average inisensible water loss on days of mercurial diuresis from days of no mercurial administration. Since a large portion of insensible water loss is via the lungs, and in some ins,tances the fluctuations in this study could be related to changes in serum carbon dioxidecomiibining power, the variations of insensible or extrarenal water loss may well be due to changes in acid-base balance.
The ratios of chloride to water losses were also hypotonic to interstitial fluid and more variable than the sodium to water losses. The difference in the losses of sodium and chloride is also seen in the wide range in the ratios of sodium to chloride losses (table 1) . These results indicate that some of the sodium and chloride are distributed and excreted independelnt of, and different from, each other, and suggests that the use of chloride exeretions as a measure of extracellular fluid changes may be erroneous. Most of the patients had a small loss of potassium during the loss of edema. In two studies there was a gain of more than 100 mEq. of potassium, and the ratio of sodium to weight losses changed during the course of each of these studies. This is the most strikingf in the study of Sn (fig. 2) . The sodium and weight curves were almost identical at 94 mEq. Na/Kg. for the first 5 days. Supplemental potassium chloride was then given and sodium loss continued, the rate of weight loss slowed markedly, and the sodium and weight curves diverged. The net chloride loss curve, however, kept the same relationship to the weight loss curve throughout the study, which indicates that the potassium chloride was absorbed from the gastrointestinal tract, the chloride was excreted, and the potassium was retained. The values for the periods before and during potassium chloride therapy and for the entire study are presented in table 1. In the study of Ee ( fig.  3 ) there was a small steady gain of potassium. The sodium and weight curves remained together until the ninth day and then sodium Circulation, Volume Sodium and weight losses were 100 mEq. of sodium per kilogram until supplemental potassium chloride was given on the sixth day. After this, potassium balance was positive and sodium losses diverged from weight and chloride losses. loss proceeded at a rate greater than 100 mEq. Na/Kg., and the curves diverged. As in the previous study there was no change in the relationship of the chloride and weight curves.
The results of this study indicate that in edema loss, without the use of specific diuretic drugs, the fluid that was lost froin the body was hypotonic to body fluids. The serum sodium and osmolal concentrations did not increase after the edema loss, indicating that internal redistribution and osmotic inactivation of some of the ions had occurred. Others have also found no increase in serum sodium concentration after edema loss.1 5" 18, 23 Bone solids, which can gain or lose large quantities of sodium, may be the site of osmotic inactivation of sodium. [24] [25] [26] [27] Recent studies, however, failed to show any changes of bone sodium in patients with cardiac disease.28 29 Some of the chloride may have been exchanged for an intracellular anion that was excreted, or the chloride may have been held in an osmotically inactive form in conniective tissue. A sodium solution which was rapidly infused into patients who had lost all or most of their edema, contained more sodium than is present in 2 Kg. of extracellular fluid. Five days after the sodium administration there was a small decrease in body weight in two of the studies, but more sodium was retained than is present in a kilogram of extracellular fluid. In the other study, sodium retention and weight gain were in the proportions found in extracellular fluid. The retention and excretion of body sodium without proportional changes in body water have been reported by Lusk and Palmer,4 who found large retentions of sodium in patients before they reaccumulated edema; by McCance,10 who found a discrepancy between sodium and water during both depletion and repletion of sodium in normal subjects; by Aikawa,"l who found increased exchangeable body sodium in patients with rheumatic fever before they developed edema, and after they had lost their edema; by Farber and Soberman, 12 and Birkenfeld et al., 13 who found increased exchangeable body sodium in patients after edema was lost. These observations indicate that the fluid lost during the disappearance of edema did not have the same composition as the edema fluid in the body, and that the accumulation or disappearance of edema is at least partially related to altered internal redistribution of sodiumn and is not solely due to inadequate renal excretion of sodium. Sunmmary Sodium, potassium, chloride, and water losses were studied in patients while they lost all of their edema. The fluid which was excreted was hypotonic to bodv fluids, but did not change the osmotic concentration of the fluid that remained. Since the fluid excreted did not have the same composition as the edema fluid in the body, the interpretation of the results is that there is an iiterna] redistribution and osmotic inactivation of a portion of the ions of the edema fluid of the body, and that the kidney is not the sole mechanism involved in the formation or loss of edema. Relating sodium loss to weight loss revealed two patterns; one group lost approximately 100 mEq. of sodium per kilogram of weight loss, and the other group lost less than 50 mEq. of sodium per kilogram. There is an indication that this difference is related to liver function.
